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amount of movement; and a fourth process of outputting
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a vehicle park-
ing supportdevice and a vehicle parking support program
for supporting parking of a vehicle by measuring a dis-
tance to an object around the vehicle on the basis of an
image captured from the vehicle.

BACKGROUND ART

[0002] Thereis aknown technique (which may also be
referred to as a vehicle parking support technique) for
detecting a target parking position on the basis of an im-
age captured from a camera (which may also be referred
to as an in-vehicle camera) mounted in a vehicle (which
may also be referred to as a moving body), and controlling
the vehicle from the current position to the target parking
position or supporting the driver’s operation. To calculate
a travelable route by such a technique, it is necessary to
detect an object (which may also be referred to as the
target object) located near the vehicle, and accurately
calculate the distance between the object and the vehi-
cle. Further, to detect an object around the vehicle, it is
preferable to use a monocular camera, because of the
cost of a sensor, restrictions on the mounting position of
the sensor, and the like.

[0003] Examples of conventional techniques for calcu-
lating the distance between an object detected from im-
age data captured by a monocular camera and a vehicle
include a ground contact position determination tech-
nique and a moving stereo technique.

[0004] The ground contact position determination
technique is a technique for detecting an object from im-
age data captured by a monocular camera through ma-
chine learning, an optical flow, or the like at the previous
stage, and geometrically calculating the distance be-
tween the vehicle and the object, on the basis of the co-
ordinates of the detected object in an image at the ground
contact position, a distortion table, the installation posi-
tion and the orientation of the camera, and the like.
[0005] The moving stereo technique is a technique for
estimating the distance from a vehicle to an object, on
the basis of the amount of movement of the vehicle and
a plurality of sets ofimage data captured by a monocular
camera before and after the movement of the vehicle.
By the moving stereo technique, the amount of move-
ment of a vehicle can be determined relatively accurately,
and a distance can be measured with high precision in
a case where the object is not moving.
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SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0007] With the conventional techniques, there are
cases where the distance from a moving body such as
a vehicle to an object cannot be measured accurately.
[0008] By the ground contact position determination
technique, for example, an object is detected from an
image at one point of time, and therefore, distance meas-
urement accuracy is relatively greatly affected by an error
in the pixel position of the detected object.

[0009] Meanwhile, the moving stereo technique is a
technique for estimating the three-dimensional position
of an object by a triangulation method, on the basis of
images at a plurality of points of time with time differences
and an amount of movement of the vehicle. Therefore,
the moving stereo technique requires a sufficient parallax
between images. However, while the vehicle is not run-
ning, or immediately after a start of running, images with
a sufficient parallax cannot be obtained, and distance
measurement by the moving stereo technique cannot be
performed with sufficiently high precision.

[0010] Inone aspect, the presentinvention aims to pro-
vide a vehicle parking support device and a vehicle park-
ing support program capable of increasing the accuracy
of measurement of the distance from a moving body to
an object, on the basis of an image captured by a mo-
nocular camera.

SOLUTION TO PROBLEM

[0011] According to one aspect of the disclosure, a ve-
hicle parking support device includes a processing circuit
that performs: a first process of acquiring a first image at
a first time and a second image at a second time later
than the first time from a monocular camera mounted on
a vehicle; a second process of calculating an amount of
movement of the vehicle, on the basis of a sensor value
acquired during a measurement period between the first
time and the second time; a third process of outputting
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a result of distance measurement using a first distance
measurement method for performing distance measure-
ment using the first image or the second image, or a
second distance measurement method for performing
distance measurement using both the firstimage and the
second image, depending on the amount of movement;
and a fourth process of outputting a result of calculation
of a route for guiding the vehicle to a parking space, on
the basis of the result of distance measurement.

ADVANTAGEOUS EFFECTS OF INVENTION

[0012] By the disclosed technology, it is possible to
increase the accuracy of measurement of the distance
from a moving body to an object, on the basis of animage
captured by a monocular camera.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

FIG. 1is a diagram illustrating an example outline of
the configuration of a vehicle that includes a vehicle
parking support device according to a first embodi-
ment.

FIG. 2 is a chart illustrating an example of a process
flow in the vehicle parking support device according
to the first embodiment.

FIG. 3 is a diagram illustrating an example of dis-
tance measurement principles based on a ground
contact position determination technique.

FIG. 4 is a diagram illustrating an example image
captured by a monocular camera mounted on the
vehicle.

FIG. 5is a diagram illustrating an example outline of
the configuration of a vehicle that includes a vehicle
parking support device according to a second em-
bodiment.

FIG. 6 is a diagram illustrating an example of a front
wheel turning angle of the vehicle.

FIG. 7 is a chart illustrating an example of a process
flow in the vehicle parking support device according
to the second embodiment.

FIG. 8 is a diagram showing an example of a move-
ment trajectory and a turning radius of the vehicle.
FIG. 9 is a chart (first chart) illustrating an example
of a process flow in a vehicle parking support device
according to a third embodiment.

FIG. 10 is a chart (second chart) illustrating an ex-
ample of a process flow in the vehicle parking support
device according to the third embodiment.

FIG. 11 is a chart (first chart) illustrating the charac-
teristics of the first distance measurement method
and the second distance measurement method.
FIG. 12is a chart (second chart) illustrating the char-
acteristics of the first distance measurement method
and the second distance measurement method.
FIG. 13 is a diagram illustrating an example of re-
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gions in distance measurement method selection
control.

FIG. 14 is a diagram illustrating an example in which
the boundaries of a first region are superimposed on
an image captured by a monocular camera.

FIG. 15is a chart (first chart) illustrating an example
of a process flow in a vehicle parking support device
according to a fourth embodiment.

FIG. 16 is a chart (second chart) illustrating an ex-
ample of a process flow in the vehicle parking support
device according to the fourth embodiment.

FIG. 17 is a diagram illustrating an example outline
of the configuration of a vehicle that includes a ve-
hicle parking support device according to a fifth em-
bodiment.

FIG. 18is atable showing an example of the contents
of camera installation information.

FIG. 19 is a chart (first chart) illustrating an example
of a process flow in the vehicle parking support de-
vice according to the fifth embodiment.

FIG. 20 is a chart (second chart) illustrating an ex-
ample of a process flow in the vehicle parking support
device according to the fifth embodiment.

DESCRIPTION OF EMBODIMENTS

[0014] The following is a detailed description of em-
bodiments of a vehicle parking support device disclosed
in the present application, with reference to the drawings.
Note that the embodiments described below do not limit
the disclosed technology. It also goes without saying that
the respective embodiments described below may be im-
plemented in appropriate combination.

[0015] <First Embodiment> FIG. 1 is a diagram illus-
trating an example outline of the configuration of a vehicle
1including a vehicle parking supportdevice 10 according
to a first embodiment. The vehicle 1 illustrated in FIG. 1
includes the vehicle parking support device 10, a monoc-
ular camera 20, a user interface device 30, and a wheel
speed sensor 40. Note that, in FIG. 1, the driving source
such as an engine or a motor for driving the vehicle 1,
and the tires and the like are not illustrated.

[0016] The vehicle parking support device 10 is a de-
vice (that may be called a computer) that is designed to
measure a distance around the vehicle 1 on the basis of
an image captured from the monocular camera 20
mounted on the vehicle 1, and support the parking of the
vehicle 1. The vehicle parking support device 10 illustrat-
ed in FIG. 1 includes a processing circuit 11 and a mem-
ory 12. The vehicle parking support device 10 is commu-
nicably connected to the monocular camera 20, the user
interface device 30, and the wheel speed sensor 40
through a vehicle-mounted network such as a controller
area network (CAN), for example.

[0017] The processing circuit 11 may be an arithmetic
device that reads and executes a program (which may
also be referred to as a vehicle parking support program)
stored in the memory 12, for example, to perform a proc-
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ess according to the first embodiment. In other words,
the processing circuit 11 has a function as an executer
of the process according to the first embodiment. The
processing circuit 11 may be a central processing unit
(CPU), a micro-processing unit (MPU), a digital signal
processor (DSP), a field programmable gate array (FP-
GA), or the like, for example. Note that the processing
circuit 11 may be a multi-core processor including two or
more cores.

[0018] The memory 12 is a circuit designed to store
and hold the data and the program (which may also be
referred to as the vehicle parking support program) re-
lated to various processes to be performed by the
processing circuit 11. The memory 12 includes a nonvol-
atile storage device and/or a volatile storage device. Ex-
amples of such storage devices include a random access
memory (RAM), a read only memory (ROM), a solid-state
drive (SSD), a hard disk drive (HDD), and the like. In FIG.
1,the memory 12is the collective term for various storage
devices such as a main storage and an auxiliary storage.
[0019] The monocular camera 20 (which may also be
referred to as the camera) is a monocular camera mount-
ed on the vehicle 1, and may be a complementary metal
oxide semiconductor (CMOS) camera, a charged cou-
pled device (CCD) camera, or the like, for example. In a
case where the optical axis of the monocular camera 20
is directed toward the front side of the vehicle 1, the mo-
nocular camera 20 may be installed in the front grille, the
dashboard, the windshield (which may also be referred
to as the front window), or the like of the vehicle 1, for
example. In a case where the optical axis of the monoc-
ular camera 20 is directed to the rear side of the vehicle
1, the monocular camera 20 may be installed in the rear
glass (which may also be referred to as the rear window),
the rear garnish, or the like of the vehicle 1, for example.
The monocular camera 20 may write the image data of
a captured image into the memory 12 of the vehicle park-
ing support device 10 at predetermined intervals (which
may also be referred to as the frame rate), for example.
[0020] The user interface device 30 is a device de-
signed to output a result of calculation of a route for guid-
ing the vehicle 1 to a parking space, on the basis of a
signal from the vehicle parking support device 10. For
example, in a case where a route calculation result is
visually output, the user interface device 30 may be a
display device such as a liquid crystal display device.
[0021] The wheel speed sensor 40 is designed to out-
put pulses in accordance with rotation of the car wheels
(which may also be referred to as the wheels) of the ve-
hicle 1. For example, the wheel speed sensor 40 may be
mounted on the wheel bearing of the vehicle 1, and has
an outputresolution of several tens of pulses per rotation,
in accordance with the rotation of the wheels or the axles.
The wheel speed sensor 40 may be a passive sensor
system formed with a pickup coil and a pulsar ring, or
may be an active sensor system using a magnetic sensor
such as a Hall element or a magnetoresistive element,
for example.
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[0022] With the above configuration, the processing
circuit 11 of the vehicle parking support device 10 is de-
signed to perform: a first process of reading and execut-
ing a program stored in the memory 12, to acquire a first
image at a first time and a second image at a second
time later than the first time from the monocular camera
20 mounted on the vehicle 1; a second process of cal-
culating the amount of movement of the vehicle 1, on the
basis of wheel speed pulses (which may also be referred
to as the sensor value) acquired from the wheel speed
sensor 40 during the measurement period between the
first time and the second time; a third process of output-
ting a result of distance measurement (which may also
be referred to as a measurement result) using a first dis-
tance measurement method for measuring a distance
with the use of the first image or the second image, or a
second distance measurement method for measuring a
distance with the use of the first image and the second
image, depending on the amount of movement; and a
fourth process of outputting a result of calculation of a
route for guiding the vehicle 1 to a parking space, on the
basis of the result of distance measurement.

[0023] FIG. 2 is a chart illustrating an example of a
process flow in the vehicle parking support device 10
according to the first embodiment. The process flow il-
lustrated in FIG. 2 may start when a parking support func-
tion is activated by an operation performed by a user
(who may also be referred to as a driver, a passenger,
or a companion), for example.

[0024] The processing circuit 11 acquires the first im-
age at the first time (S101). In a process S101, the
processing circuit 11 may acquire the first image, which
has been captured by the monocular camera 20 and been
stored into the memory 12, for example, from the memory
12 at the first time. Alternatively, the processing circuit
11 may acquire the firstimage, which has been captured
by the monocular camera 20 at the first time and been
stored into the memory 12, from the memory 12 ata time
later than the first time. In other words, the first time is
only required to be a time related to the first image.
[0025] After the first time, the processing circuit 11
starts a measurement period during which the wheel
speed pulses from the wheel speed sensor 40 are meas-
ured (S102). In a process S102, the processing circuit
11 initializes and zeroes the wheel speed pulse number,
which is the value obtained by counting the wheel speed
pulses input from the wheel speed sensor 40, and counts
the wheel speed pulses from the wheel speed sensor 40
while the measurement period continues. By doing so,
the processing circuit 11 may update the wheel speed
pulse number. The wheel speed pulse number may be
stored into the memory 12. Here, the wheel speed pulses
or the wheel speed pulse number is an example of the
sensor value.

[0026] In the process S102, the processing circuit 11
may count wheel speed pulses from a plurality of wheel
speed sensors 40. For example, the vehicle 1 may in-
clude a first wheel speed sensor 40 that outputs wheel
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speed pulses corresponding to rotation of the right front
wheel, and a second wheel speed sensor 40 that outputs
wheel speed pulses corresponding to rotation of the left
front wheel. The processing circuit 11 may count the
wheel speed pulses of each wheel speed sensor individ-
ually. In this case, the average value of the wheel speed
pulse number of the first wheel speed sensor 40 and the
wheel speed pulse number of the second wheel speed
sensor 40 may be used as the sensor value. Note that
the number of wheel speed sensors 40 is not limited to
one or two.

[0027] The processing circuit 11 acquires the second
image at the second time (S103). In the process S103,
the processing circuit 11 may acquire the second image,
which has been captured by the monocular camera 20
and been stored into the memory 12, for example, from
the memory 12 at the second time. Alternatively, the
processing circuit 11 may acquire the second image,
which has been captured by the monocular camera 20
at the second time and been stored into the memory 12,
from the memory 12 at a time later than the second time.
In other words, the second time is only required to be a
time related to the second image.

[0028] In a case where the frame rate, which is a cycle
in which image data is output by the monocular camera
20, is 30 fps (frame per second), for example, the time
interval between the first time and the second time may
be about 0.033 seconds (33 milliseconds).

[0029] The processing circuit 11 calculates the amount
of movement on the basis of the wheel speed pulse
number during the measurement period (S104). In the
process S104, the processing circuit 11 may determine
the wheel speed pulse number during the measurement
period by terminating the wheel speed pulse measure-
ment period.

[0030] In the process S104, the processing circuit 11
may calculate the amount of movement by calculating
"amount of movement d = © X T X np/N" (which may
also be referred to as Expression (1)), forexample. Here,
n represents the circumference ratio (3.14, for example),
T represents the tire diameter (which may also be re-
ferred to as the outer diameter of the tire) [m], np repre-
sents the wheel speed pulse number (which may also be
referred to as the measured pulse number) measured
during the measurement period, and N represents the
wheel speed pulse number per tire rotation (which may
also be referred to as the unit pulse number). The T value
(the value of the tire diameter) and the N value (the value
of the unit pulse number) may be stored into the memory
12 at an appropriate time such as the time of shipment
fromthe factory or the time of maintenance after shipment
from the factory. In Expression 1 shown above, "n X T"
corresponds to the length of the circumference of a tire.
In Expression 1 shown above, "np/N" corresponds to the
number of rotations of the tire during the measurement
period. In other words, the amount of movement d cal-
culated according to Expression 1 corresponds to the
length of the trajectory (which may also be referred to as
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the moving distance) generated by the tire rotations dur-
ing the measurement period.

[0031] In the process S104, the processing circuit 11
may set the measured pulse number np as the amount
of movement d, not using Expression 1. In this case, a
process of counting wheel speed pulses (which may also
be referred to as the sensor value) from the wheel speed
sensor 40 during the measurement period, and deter-
mining the measured pulse number np in the process
S104 corresponds to calculating the amount of move-
ment d of the vehicle 1 on the basis of the sensor value.
Note that, when the measured pulse number np is deter-
mined, the measurement period may be ended, or the
measurement period may be continued.

[0032] Note that the method of calculating the amount
of movement d in the process S104 is not limited to the
above example. A method according to a second em-
bodiment described later may be used, for example.
[0033] The processing circuit 11 outputs a result of
route calculation based on a result of distance measure-
ment according to a first distance measurement method
for performing distance measurement using the first im-
age acquired in the process S101 or the second image
acquired in the process S103, or a second distance
measurement method for performing distance measure-
ment using both the first image and the second image,
depending on the amount of movement d (S105 through
S108).

[0034] Forexample, inthe process S105, the process-
ing circuit 11 determines whether the amount of move-
ment d is smaller than a predetermined threshold. If the
amount of movement d is smaller than the predetermined
threshold (YESin S105), the processing circuit 11 selects
the first distance measurement method, and outputs a
result of distance measurement according to the first dis-
tance measurement method (S106). If the amount of
movement d is equal to or larger than the predetermined
threshold (NO in S105), on the other hand, the processing
circuit 11 selects the second distance measurement
method, and outputs a result of distance measurement
according to the second distance measurement method
(S107).

[0035] In the process S105, the determination as to
whether the amount of movement d is smaller than the
threshold has an aspect of determination as to whether
a sufficient parallax is being secured between the first
image and the second image. In other words, in a case
where the amount of movement d is determined to be
smaller than the threshold in the process S105, a suffi-
cient parallax is not being secured between the first im-
age and the second image, and a higher distance meas-
urement accuracy can be expected with the first distance
measurement method than with the second distance
measurement method.

[0036] The first distance measurement method may
be any method by which a distance can be measured on
the basis of the first image or the second image. For
example, the first distance measurement method may
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be a distance measurement method based on a ground
contact position determination technique. According to
the connection position determination technique, the dis-
tance to the ground contact position of the object extract-
ed from an image is estimated on the basis of the corre-
spondence relationship between the ordinate of each of
the pixels constituting the single image and the distance
to the ground contact position of the object.

[0037] FIG. 3 is a diagram illustrating an example of
distance measurement principles based on the ground
contact position determination technique. FIG. 3 depicts
an object T10, an optical system T11 that captures an
image of the object T10, an imaging surface T12 for the
optical system T11, an object image T13 formed on the
imaging surface T12, and the optical axis T14 (which may
also be referred to as the principal axis) of the optical
system T11. Note that the object image T13 on the im-
aging surface T12 in FIG. 3 is depicted upside down for
ease of explanation, but may differ from an actual cap-
tured image acquired from the monocular camera 20.
[0038] In FIG. 3, the object T10 and the object image
T13 have the relationship represented by "H/D = Y/f"
(which may also be referred to as Expression (2)). Here,
the symbol Hin Expression (2) represents the height from
the ground contact position of the object T10 to the optical
axis T14. The symbol Y in Expression (2) represents the
height from the ground contact position of the object im-
age T13 to the optical axis T14 on the imaging surface
T12. The position of the optical axis T14 on the imaging
surface T12 corresponds to the coordinates near the
center on the imaging surface T12.

[0039] The symbol D in Expression (2) represents the
distance from the ground contact position of the object
T10tothe optical system T11. The symbol fin Expression
(2) represents the distance from the ground contact po-
sition of the object image T13 on the imaging surface
T12 to the optical system T11.

[0040] Expression (2) can be converted into an equa-
tion for calculating the distance D to the object T10. In
other words, in a process according to the first distance
measurement method, the processing circuit 11 calcu-
lates "D = H X f/Y" (which may also be referred to as
Expression (3)), to output a distance measurement result
corresponding to the distance D to the object T10. Alter-
natively, a conversion table corresponding to a result of
calculation according to Expression (3) in a case where
the height Y is changed in multiple stages is stored in the
memory 12, and an approximate value of the distance D
may be acquired from the conversion table on the basis
of the height Y obtained during operation.

[0041] In Expression (3), the distance fis a design val-
ue corresponding to the structure of the monocular cam-
era 20, and is stored into the memory 12 at any appro-
priate timing such as the time of shipment from the factory
or the time of maintenance after the shipment from the
factory.

[0042] If the road surface from the object T10 to the
optical system T11 is flat, the height H corresponds to
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the height of the installation position of the optical system
T11. In other words, in Expression (3), the height H is a
design value corresponding to the height of the installa-
tion position of the monocular camera 20 mounted on
the vehicle 1 from the road surface, and may be stored
into the memory 12 at any appropriate timing such as the
time of shipment from the factory or the time of mainte-
nance after the shipment from the factory.

[0043] In Expression (3), the height Y is the value cal-
culated in accordance with the ground contact position
of the objectimage T13 detected from animage captured
by the monocular camera 20 (this image may also be
referred to as the captured image). For example, the
height Y may be obtained through calculation of the dif-
ference between the Y-coordinate value of the ground
contact position of the object image T13 and half the val-
ue of the image dimension of the captured image in the
Y-axis direction (which may also be referred to as the
height direction). To determine the ground contact posi-
tion of the object image T13, edge line segments having
the characteristics of the object are extracted from the
captured image on the basis of a predetermined algo-
rithm, and the Y-coordinate value of the lowermost edge
line segment is retrieved from among the extracted edge
line segments. For example, an edge image having a
plurality of edge line segments is generated by using var-
ious kinds of filters such as a Sobel filter and a Laplacian
filter for the captured image. Note that the captured image
used in the first distance measurement method may be
either the first image or the second image.

[0044] As can be understood from the expression (3),
in the first distance measurement method, if the accuracy
of detection of the ground contact position of the object
image T13 deteriorates, the distance measurement re-
sult also deteriorates. For this reason, if two or more im-
ages with a sufficient parallax can be acquired, an in-
crease in distance measurement accuracy can be ex-
pected with the use of a distance measurement result
obtained by the second distance measurement method.
In view of this, in a case where the processing circuit 11
in the process S105 determines thatthe amount of move-
ment d is equal to or larger than the predetermined
threshold (NO in S105), the processing circuit 11 selects
the second distance measurement method (S107). As
described above, in a case where the amount of move-
ment d is determined to be equal to or larger than the
predetermined threshold in the process S105, a sufficient
parallax is being secured between the first image and
the second image, and a higher distance measurement
accuracy can be expected with the second distance
measurement method than with the first distance meas-
urement method.

[0045] Intheprocess S107,the seconddistance meas-
urement method is a distance measurement method for
performing distance measurement using both the first
image and the second image, and may be a distance
measurement method for estimating the three-dimen-
sional position of the object on the basis of the parallax
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between the two images. For example, the second dis-
tance measurement method may be a distance meas-
urement method using a moving stereo technique. By
the moving stereo technique, the distance to the object
is estimated on the basis of the movement of the object
on the screen and the amount of displacement of the
image capturing position (which may also be referred to
as the camera position), the object appearingin a plurality
ofimages captured at minute time intervals. Forexample,
in a case where the frame rate of images captured by
the monocular camera 20 is 30 frames per second, the
processing circuit 11 may perform distance measure-
ment by the moving stereo technique, on the basis of the
firstimage and the secondimage selected from a plurality
of images captured at intervals of about 33 milliseconds.
As the amount of displacement of the camera position,
the amount of movement d calculated in the process
S104 may be used, for example. Alternatively, an amount
of movementd based on aresultof positioning conducted
by a satellite positioning system such as a global posi-
tioning system (GPS) may be used.

[0046] In the process S107, the first image and the
second image may be updated (acquired) at any appro-
priate intervals. For example, the firstimage may be up-
dated every first number of frames (for example, 30
frames), and the second image may be updated every
second number of frames (for example, one frame). In
other words, in the process S107, the first image is ac-
quired every 30 frames, and the first image may not be
updated before 30 frames have passed since the acqui-
sition of the first image. In this case, in the process flow
illustrated in FIG. 2, the processes S101 and S102 may
be repeatedly carried out every time the first number of
frames have passed, and the processes S103 through
S108 may be repeatedly carried out every time the sec-
ond number of frames have passed.

[0047] In the process S108, on the basis of a result of
distance measurement conducted by the first distance
measurement method or the second distance measure-
ment method, the processing circuit 11 performs a route
calculation process according to a predetermined route
calculation algorithm for guiding the vehicle 1 to a parking
space, to output a route calculation result. For example,
the processing circuit 11 may visually support the user
(who may also be referred to as the driver) operating the
vehicle, by displaying an optimum route based on the
route calculation result on the screen of the user interface
device 30. Alternatively, the processing circuit 11 may
supply the route calculation result based on the distance
measurement result to an electronic control unit (which
may also be referred to as the drive control ECU) that
controls driving of the vehicle 1, to reflect the distance
measurement result in an automatic parking process be-
ing performed by the drive control ECU. International
Publication Pamphlet No. WO 2010/098170 (U.S. Patent
No. 8,816,878) specifically discloses a conventional
technology for guiding a vehicle to a desired parking tar-
get position by automatic steering.

10

15

20

25

30

35

40

45

50

55

[0048] As described above, in a case where the dis-
tance to the object is measured on the basis of an image
captured with the monocular camera 20 mounted on the
vehicle 1, the optimum distance measurement method
can be selected in accordance with the amount of move-
ment of the vehicle 1, and thus, distance measurement
accuracy can be increased.

[0049] <Second Embodiment> In the above configu-
ration, an amount of movement is not necessarily the
length of the trajectory (which may also be referred to as
the moving distance) generated by tire rotations during
a measurement period. In a vehicle parking support de-
vice 10 according to a second embodiment, the concept
of an amount of turning (which may also be referred to
as the turning angle) corresponding to displacement
caused in the optical axis of the monocular camera 20
by movement of the vehicle 1 is introduced as an example
amount of movement. Prior to explanation of the vehicle
parking support device 10 according to the second em-
bodiment, the motive for introducing the concept of an
amount of turning is described below.

[0050] FIG. 4 is a diagram illustrating an example im-
age captured by the monocular camera 20 mounted on
the vehicle 1. FIG. 4 depicts a first pedestrian A10, white
lines A11 and A12 that are drawn on the road surface
and indicate the frame of a parking space, a wall A13, a
vehicle A14 parked in an adjacent parking space, a sec-
ond pedestrian A15, and an arrow A16 indicating the
moving direction of the vehicle 1. Note that the arrow A16
may not actually appear in the captured image.

[0051] In FIG. 4, while the second pedestrian A15
stands at a position away from the center of the image,
the first pedestrian A10 stands near the center of the
image, and the position of the first pedestrian A10 sub-
stantially coincides with the optical axis of the monocular
camera 20. In a case where the vehicle 1 moves in the
direction indicated by the arrow A16, the first pedestrian
A10 continues to stand near the optical axis of the mo-
nocular camera 20 at minute time intervals. Note that, in
this example, the direction indicated by the arrow A16
has an aspect as the optical axis direction of the monoc-
ular camera 20 mounted on the vehicle 1.

[0052] In a case where the vehicle 1 moves in the op-
tical axis direction of the monocular camera 20 (which is
the direction indicated by the arrow A16), even ifthe mov-
ing distance is equal to or longer than the threshold men-
tioned above, a sufficient parallax cannot be obtained
around the optical axis, and the distance measurement
accuracy by the moving stereo technique with respect to
the first pedestrian A10 standing in the vicinity of the op-
tical axis might drop.

[0053] In view of this, the second embodiment intro-
duces the concept of an amount of turning as the amount
of movement serving as the criterion in selecting a dis-
tance measurement method, to prevent the decrease in
distance measurement accuracy.

[0054] FIG. 5 is a diagram illustrating an example out-
line of the configuration of a vehicle 1 that includes the
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vehicle parking support device 10 according to the sec-
ond embodiment. The configuration of the vehicle 1 illus-
trated in FIG. 5 differs from the configuration of the first
embodiment illustrated in FIG. 1 in that a steering angle
sensor 50 is added, but is the same in other aspects.
[0055] The steering angle sensor 50 is a sensor de-
signed to output the sensor value corresponding to the
front wheel turning angle (which may also be referred to
as the steering angle) with respect to the frontward di-
rection of the vehicle 1. For example, the steering angle
sensor 50 may be designed to detect the amount of ro-
tation of the steering shaft of the vehicle 1, and output
the sensor value corresponding to the amount of rotation
of the steering shaft.

[0056] The processing circuit 11 is designed to acquire
the frontwheel turning angle with respect to the frontward
direction of the vehicle 1, on the basis of the sensor value
supplied from the steering angle sensor 50. In other
words, the front wheel turning angle corresponds to the
angle of the traveling direction of the vehicle 1 with re-
spect to the frontward direction.

[0057] FIG. 6 is a diagram illustrating an example of
the front wheel turning angle of the vehicle 1. The vehicle
1 illustrated in FIG. 6 has a total of four tires, which are
front wheels and rear wheels, and a monocular camera
B16is mounted on the front of the vehicle 1. The mounting
position of the monocular camera B16 may be a rear
portion of the vehicle 1. The separation distance between
the front wheels and the rear wheels is indicated by a
wheelbase B17.

[0058] In FIG. 6, the left front wheel B11 and the right
front wheel B12 of the vehicle 1 have a turning angle of
approximately 6s [rad] with respect to the frontward di-
rection B10 of the vehicle 1. In other words, a line seg-
ment B13 indicating the direction of the left front wheel
B11, a line segment B14 indicating the direction of the
right front wheel B12, and a line segment B15 indicating
the traveling direction of the vehicle 1 are substantially
parallel. The frontward direction B10 of the vehicle 1 may
also be referred to as the central axis of the vehicle 1.
The line segment B13 indicating the traveling direction
of the left front wheel B11 may also be referred to as the
central axis of the left front wheel B11. The line segment
B14 indicating the direction of the right front wheel B12
may also be referred to as the central axis of the right
front wheel B12.

[0059] In FIG. 6, the angle of the line segment B13
indicating the direction of the left front wheel B11, which
is an inner wheel, with respect to the frontward direction
B10 of the vehicle 1 may be larger than the angle of the
line segment B14 indicating the direction of the right front
wheel B12, which is an outer wheel, with respect to the
frontward direction B10 of the vehicle 1. In this case, the
processing circuit 11 may use the average value of the
turning angle of the left front wheel B11 and the turning
angle of the right front wheel B12 as the steering angle.
[0060] FIG. 7 is a diagram illustrating an example of a
process flow in the vehicle parking support device ac-
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cording to the second embodiment. FIG. 7 shows the
specific process corresponding to the process S104 in
the process flow of the first embodiment illustrated in FIG.
2. In other words, in the flow of the process in the vehicle
parking support device 10 according to the second em-
bodiment, the processes S101 through S103, and the
processes S105 through S108 illustrated as an example
in FIG. 2 are the same as those of the first embodiment.
[0061] From the wheel speed pulse number np count-
ed during the measurement period, the processing circuit
11 calculates the moving distance d [m] by the same
technique as that used in the first embodiment (S104-1).
[0062] The processing circuit 11 acquires a steering
angle amount 6s, on the basis of the sensor values ac-
quired from the steering angle sensor 50 during the
measurement period (S104-2). In the process S104-2,
the processing circuit 11 may acquire the steering angle
amount 6s by calculating the average value of the sensor
values supplied from the steering angle sensor 50, for
example. Note that the method for acquiring the steering
angle amount 6s is not limited to this, and some other
known means may be used.

[0063] The processing circuit 11 calculates the turning
radius R of the vehicle 1, from the wheelbase W of the
vehicle 1 and the steering angle amount 6s (S104-3). In
the process S104-3, the processing circuit 11 may ac-
quire the turning radius R [m] by calculating "R = W/sin
(6s)" (which may also be referred to as Expression (4)),
for example. In Expression (4), the symbol W represents
the wheelbase W [m] of the vehicle 1, and the symbol 6s
represents the steering angle amount 6s [rad]. Note that,
in a case where the steering angle amount 6s is a minute
angle amount such as 8s < 0.5 [rad], for example, the
sine function sin (8s) can be approximated by the steering
angle amount 0s. In this case, Expression (4) can be
modified as follows. That is, "R = W/0s" (which may also
be referred to as Expression (4°)).

[0064] The processing circuit 11 calculates an amount
ofturning 81 [rad], from the turning radius R [m] calculated
in the process S104-3 and the moving distance d [m]
calculated in the process S104-1 (process S104-4). In
the process S104-4, the processing circuit 11 may ac-
quire the amount of turning 61 by calculating "61 = d/R"
(which may also be referred to as Expression (5)), for
example. In Expression (5), the symbol d represents the
moving distance d [m], and the symbol R represents the
turning radius R [m].

[0065] FIG. 8 is a diagram showing an example of a
movement trajectory and a turning radius of the vehicle
1. As illustrated in FIG. 8, when the vehicle 1 turns with
aturning radius R10, the monocular camera 20 mounted
on the vehicle 1 moves from a point P1 (X1, Y1) to a point
P2 (X2, Y2) along a movement trajectory R12. In FIG. 8,
the turning radius R10, which is the distance between
the point P1 (X1, Y1) before the movement and the turn-
ing center O (Xc, Yc¢), and a line segment R11 indicating
the distance between the point P2 (X2, Y2) after the
movement and the turning center O (Xc, Yc) have the
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same length.

[0066] In FIG. 8, when the monocular camera 20 is
located at the point P1, the optical axis of the monocular
camera 20 is parallel to the Y-axis direction, and extends
in the direction of a line segment C10 passing through
the point P1. When the monocular camera 20 is located
at the point P2, the optical axis of the monocular camera
20 is in the direction of a line segment C12 extending in
the tangential direction of the arc of the turning radius
R11. The angle 62 between a line segment C11 that is
parallel to the line segment C10 and passes through the
point P2, and the line segment C12 is the same as the
angle 61 (which may also be referred to as the turning
angle or the amount of turning) between a line segment
R10 connecting the point P1 and the turning center O,
and the line segment R11 connecting the point P2 and
the turning center O. In other words, when the vehicle 1
turns from the point P1 to the point P2, the optical axis
of the monocular camera 20 at the point P2 is shifted by
the same angle 62 as the turning angle 61 with respect
to the optical axis at the point P1.

[0067] Accordingly, the turning angle 61 (which may
also be referred to as the amount of turning) of the vehicle
1 can be used as the criterion for determining whether a
sufficient parallax is being secured between the first im-
age acquired at the time when the monocular camera 20
was located at the point P1, and the second image ac-
quired at the time when the monocular camera 20 was
located at the point P2.

[0068] Inthe process flow according to the second em-
bodiment, the amount of turning 61 calculated in the proc-
ess S104-4 is used as the amount of movement in the
process S105 illustrated in FIG. 2. In other words, the
amount of turning 61 (which may also be referred to as
the amount of movement) calculated in the process
S104-4 is compared with the predetermined threshold
(S105). If the amount of turning 61 is smaller than the
threshold (YES in S105), the processing circuit 11 may
select the first distance measurement method (S106). In
other words, in the process S106, the processing circuit
11 may output (acquire) a result of distance measure-
ment conducted by the first distance measurement meth-
od. Iftheamountofturning 61 (which may also be referred
to as the amount of movement) is equal to or larger than
the threshold (NO in S105), on the other hand, the
processing circuit 11 may select the second distance
measurement method (S107). In other words, in the proc-
ess S107, the processing circuit 11 may output (acquire)
a result of distance measurement conducted by the sec-
ond distance measurement method. After that, in the
process S108, on the basis of a result of distance meas-
urement conducted by the first distance measurement
method or the second distance measurement method,
the processing circuit 11 performs a route calculation
process according to a predetermined route calculation
algorithm for guiding the vehicle 1 to a parking space, to
output a route calculation result.

[0069] As described above, in a case where the dis-
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tance to the object is measured on the basis of an image
captured with the monocular camera 20 mounted on the
vehicle 1, the optimum distance measurement method
can be selected in accordance with the amount of move-
ment (the turning angle) of the vehicle 1, and thus, dis-
tance measurement accuracy can be increased. Partic-
ularly, it is possible to prevent a decrease in accuracy
due to movement in the optical axis direction in the sec-
ond distance measurement method, which is difficult to
control in a case where only a moving distance is used
as the determination criterion. In other words, in the case
of movement approximately in the optical axis direction,
the first distance measurement method is selected
through determination based on the amount of turning
01. Such an action is advantageous in improving the ac-
curacy of measurement of the distance from a moving
body to the object on the basis of an image captured by
the monocular camera 20.

[0070] <Third Embodiment> A third embodiment pro-
poses a process flow in which the process according to
the first embodiment and the process according to the
second embodiment are combined. The configuration of
a vehicle 1 including a vehicle parking support device 10
according to the third embodiment is the same as the
configuration illustrated in FIG. 5.

[0071] FIGS. 9 and 10 are charts illustrating an exam-
ple of a process flow in the vehicle parking support device
10 according to the third embodiment. In the process flow
according to the third embodiment illustrated in FIG. 9,
the technicalidea for performing two-stage determination
consisting of first determination (a process S105Ain FIG.
9) based on a moving distance, and second determina-
tion (a process S112A in FIG. 10) based on an amount
of turning is introduced in place of the determination (the
process S105 in FIG. 2) based on an amount of move-
ment.

[0072] In the example illustrated in FIG. 9, processes
S101 through S103 are the same as those in the example
illustrated in FIG. 2. Further, in a process S104A, a mov-
ing distance d is used as the amount of movement to be
calculated on the basis of sensor values. However, the
process S104A is substantially the same as the process
S104 described in the first embodiment.

[0073] If the moving distance d is determined to be
shorter than a predetermined threshold (which may also
be referred to as the first threshold) in the process S105A
(YES in S105A), the processing circuit 11 selects the first
distance measurement method, and outputs a result of
distance measurement conducted by the first distance
measurementmethod (S106), asin the firstembodiment.
If the moving distance d is determined to be equal to or
longer than the predetermined threshold (which may also
be referred to as the first threshold) in the process S105A
(NO in S105A), on the other hand, the processing circuit
11 does not immediately selects the second distance
measurement method, but performs second determina-
tion based on an amount of turning (S109A through
S112A).
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[0074] Inthe process S109A, the processing circuit 11
calculates the average value (which may also be referred
to as the steering angle amount 0s) of sensor values
acquired from the steering angle sensor 50 during the
measurement period, as in the process S104-2 of the
second embodiment.

[0075] Inthe process S110A, the processing circuit 11
calculates the turning radius R of the vehicle 1, from the
wheelbase W of the vehicle 1 and the steering angle
amount 0s, as in the process S104-3 of the second em-
bodiment. In other words, the processing circuit 11 may
acquire the turning radius R [m] by calculating "R = W/sin
(6s)" (which may also be referred to as Expression (4)),
for example. In Expression (4), the symbol W represents
the wheelbase W [m] of the vehicle 1, and the symbol 6s
represents the steering angle amount 6s [rad]. Note that,
in a case where the steering angle amount 6s is a minute
angle amount such as 8s < 0.5 [rad], for example, the
sine function sin (8s) can be approximated by the steering
angle amount 0s. In this case, Expression (4) can be
modified as follows. That is, "R = W/8s" (which may also
be referred to as Expression (4’)).

[0076] Inthe process S111A, the processing circuit 11
calculates an amount of turning 61 [rad], from the turning
radius R [m] calculated in the process S110A and the
moving distance d [m] calculated in the process S104A,
as in the process S104-4 of the second embodiment. In
the process S111A, the processing circuit 11 may acquire
the amount of turning 61 by calculating "61 = d/R" (which
may also be referred to as Expression (5)), for example.
In Expression (5), the symbol d represents the moving
distance d [m], and the symbol R represents the turning
radius R [m].

[0077] In a process S112A, the processing circuit 11
determines whether the amount of turning 01 is smaller
than a predetermined threshold (which may also be re-
ferred to as the second threshold) (this determination
may also be referred to as the second determination). If
the amount of turning 61 is smaller than the second
threshold (YES in S112A), the processing circuit 11 se-
lects the firstdistance measurementmethod, and outputs
a result of distance measurement conducted by the first
distance measurement method (S113A). If the amount
of turning 61 is equal to or larger than the second thresh-
old (NO in S112A), on the other hand, the processing
circuit 11 selects the second distance measurement
method, and outputs a result of distance measurement
conducted by the second distance measurement method
(S114A).

[0078] After that, on the basis of a result of distance
measurement conducted by the first distance measure-
mentmethod orthe second distance measurement meth-
od, the processing circuit 11 performs a route calculation
process according to a predetermined route calculation
algorithm for guiding the vehicle 1 to a parking space, to
output a route calculation result (S108), as in the first
embodiment.

[0079] As described above, in a case where the dis-
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tance to the object is measured on the basis of an image
captured with the monocular camera 20 mounted on the
vehicle 1, the optimum distance measurement method
can be selected in accordance with the amount of move-
ment of the vehicle 1, and thus, distance measurement
accuracy can be increased. Particularly, it is possible to
increase the accuracy of measurement of the distance
from a moving body to the object more efficiently than in
a case where control is performed with only a moving
distance or an amount of turning as the determination
criterion.

[0080] Inthe exampleillustrated in FIGS. 9 and 10, the
second determination based on the amount of turning 61
is not performed in a case where the moving distance d
is shorter than the first threshold. Accordingly, the proc-
ess of calculating the amount of turning 61 can be omit-
ted, and only the first determination based on the moving
distance d that can be measured through a simpler proc-
ess is required. This contributes to a reduction of calcu-
lation costs.

[0081] Further, in the example illustrated in FIGS. 9
and 10, when the moving distance d is equal to or longer
than the first threshold, the second determination based
on the amount of turning 61 is performed. Thus, the ac-
curacy decrease to be caused by the second distance
measurement method due to movement in the optical
axis direction can be prevented. In other words, in a case
where the moving distance d equal to or longer than the
first threshold is movement substantially in the optical
axis direction, the first distance measurement method is
selected through the second determination based on the
amount of turning 61. Thus, selection of the second dis-
tance measurement method in a case where images with
a sufficient parallax has not been obtained can be pre-
vented, and the distance measurement accuracy of the
vehicle parking support device 10 can be increased.
[0082] <Fourth Embodiment> In a vehicle parking sup-
port device 10 according to a fourth embodiment, a tech-
nical idea is introduced to divide an image captured by
the monocular camera 20 into a plurality of regions, and
vary the control of distance measurement method selec-
tion for each region. Prior to explanation of the vehicle
parking support device 10 according to the fourth em-
bodiment, the motive for introducing the above technical
idea according to the fourth embodiment is first de-
scribed.

[0083] FIG. 11isachartillustrating an example of char-
acteristics of a first distance measurement method
(which may also be referred to as the ground contact
position determination technique) and a second distance
measurement method (which may also be referred to as
the moving stereo technique) in a case where the dis-
tance to the object is 3.0 [m]. In the characteristics chart
in FIG. 11, the abscissa axis indicates lateral position
[m], and the ordinate axis indicates distance error [m].
[0084] Ata lateral position [m] indicated by the abscis-
sa axis, the optical axis of the monocular camera 20 is
the center (0 [m]), displacement from the optical axis to



19 EP 3 659 872 A1 20

the right is indicated by a positive value, and displace-
ment from the optical axis to the left is indicated by a
negative value.

[0085] As for the distance error [m] indicated by the
ordinate axis, a range from 0 [m] to 1.0 [m] is shown as
the range of error that may occur in a result of distance
measurement conducted by each distance measure-
ment method.

[0086] In FIG. 11, a solid line D10 indicates the char-
acteristics of the second distance measurement method
measured under the condition that the distance to the
objectis 3.0 [m] (the characteristics may also be referred
to as the characteristics D10), and a dot-and-dash line
D11 indicates the characteristics of the second distance
measurement method measured while the detection po-
sition of the object in a captured image is shifted by an
amount equivalent to one pixel (the characteristics may
also be referred to as the characteristics D11). As illus-
trated in FIG. 11, by the second distance measurement
method, a relatively stable distance measurement accu-
racy is achieved in regions away from the optical axis,
even though an error of about one pixel occurs in the
detection position in the captured image. In the vicinity
of the optical axis, however, the distance error (which
may also be referred to as the distance measurement
error) caused by the second distance measurement
method increases exponentially, and the measurement
accuracy deteriorates.

[0087] In FIG. 11, a solid line D20 indicates the char-
acteristics of the first distance measurement method
measured under the condition that the distance to the
objectis 3.0 [m] (the characteristics may also be referred
to as the characteristics D20), and a dashed line D21
indicates the characteristics of the first distance meas-
urement method measured while the detection position
of the object in a captured image is shifted by an amount
equivalent to one pixel (the characteristics may also be
referred to as the characteristics D21). As illustrated in
FIG. 11, the first distance measurement method is affect-
ed by a detection position error in a captured image more
greatly than the second distance measurement method.
In other words, the difference between the characteristics
D20 and the characteristics D21 of the first distance
measurement method is larger than the difference be-
tween the characteristics D10 and the characteristics
D11 of the second distance measurement method.
Meanwhile, by the first distance measurement method,
the distance error becomes smaller as the lateral position
becomes closer to the optical axis. The distance error is
the smallest on the optical axis. In other words, by the
first distance measurement method, the distance meas-
urement accuracy becomes higher as the lateral position
becomes closer to the optical axis. The distance meas-
urement accuracy is the highest on the optical axis.
[0088] In FIG. 11, a comparison between the charac-
teristics D20 of the first distance measurement method
and the characteristics D10 of the second distance meas-
urement method shows that, while the lateral position is
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within a range W1 of about +1.5 [m], the characteristics
D20 of the first distance measurement method have a
smaller distance error than the characteristics D10 of the
second distance measurement method. While the dis-
placement from the optical axis is outside the range W1,
on the other hand, the characteristics D10 of the second
distance measurement method have a smaller distance
error than the characteristics D20 of the first distance
measurement method.

[0089] Accordingly, it becomes apparent from the
characteristics illustrated in FIG. 11 that, within the range
W1 in which displacement from the optical axis of the
monocular camera 20 in a horizontal plane is smaller
than a predetermined threshold, it is possible to prevent
a decrease in distance measurement accuracy by se-
lecting the first distance measurement method, regard-
less of the amount of movement.

[0090] Further, it also becomes apparent that, within a
range in which displacement from the optical axis of the
monocular camera 20 in a horizontal plane is equal to or
greater than the predetermined threshold, it is possible
to increase distance measurement accuracy by appro-
priately selecting the first distance measurement method
or the second distance measurement method, depend-
ing on the amount of movement.

[0091] FIG. 12 is a diagram illustrating the character-
istics of the first distance measurement method and the
second distance measurement method in a case where
the distance to the object is 1.5 [m]. In the characteristics
chartin FIG. 12, the abscissa axis indicates lateral posi-
tion [m], and the ordinate axis indicates distance error
[m], as in FIG. 11.

[0092] InFIG. 12, reference numerals D10, D11, D20,
and D21 have the same meanings as those in FIG. 11.
Specifically, a solid line D10 indicates the characteristics
of the second distance measurement method measured
under the condition that the distance to the object is 1.5
[m] (the characteristics may also be referred to as the
characteristics D10), and a dot-and-dash line D11 indi-
cates the characteristics of the second distance meas-
urement method measured while the detection position
of the object in a captured image is shifted by an amount
equivalent to one pixel (the characteristics may also be
referred to as the characteristics D11). Further, a solid
line D20 indicates the characteristics of the first distance
measurement method measured under the condition that
the distance to the object is 1.5 [m] (the characteristics
may also be referred to as the characteristics D20), and
adashed line D21 indicates the characteristics of the first
distance measurement method measured while the de-
tection position of the object in a captured image is shifted
by an amount equivalent to one pixel (the characteristics
may also be referred to as the characteristics D21).
[0093] A comparison between FIG. 12 and FIG. 11
shows that a range W2 in which the distance error is
smaller in the characteristics D20 of the first distance
measurement method than in the characteristics D10 of
the second distance measurement method is narrower
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than the range W1 illustrated in FIG. 11. In other words,
it is apparent from the characteristics illustrated in FIG.
12 that the region in which the control on selecting a
distance measurement method on the basis of the
amount of movement is effective is wider than that in the
example illustrated in FIG. 11.

[0094] Itbecomes apparent from FIGS. 11 and 12 that,
depending on the distance to the object, the region in
which the distance measurement method selection con-
trol based on the amount of movement is effective might
differ from the region in which the first distance meas-
urement method should be prioritized regardless of the
amount of movement. In one aspect, the distance to the
object corresponds to the pixel position in the Y-axis di-
rection (which may also be referred to as the vertical di-
rection) in a captured image. For example, the greater
the Y-coordinate value of a pixel in a captured image, or
the closer the pixel to the lower side in the captured im-
age, the shorter the distance from the monocular camera
20. For example, the Y-coordinate values of the pixel
corresponding to an object whose distance from the mo-
nocular camera 20 is 1.5 [m] are greater than the Y-co-
ordinate values of the pixels corresponding to an object
whose distance from the monocular camera 20 is 3.0 [m].
Therefore, in one aspect, the above finding shows that,
depending on the Y-coordinate values of the pixels in a
captured image, the region in which the distance meas-
urement method selection control based on the amount
of movement is effective might differ from the region in
which the first distance measurement method should be
prioritized regardless of the amount of movement.
[0095] FIG. 13 is a diagram illustrating an example of
regions in the distance measurement method selection
control. The example illustrated in FIG. 13 includes a first
region A20 in which the firstdistance measurement meth-
od is to be selected regardless of the amount of move-
ment, and a second region A30 in which the first distance
measurement method or the second distance measure-
ment method is appropriately selected in accordance
with the amount of movement.

[0096] The first region A20 has appropriate widths
along the ordinate axis and the abscissa axis in the vi-
cinity of the captured image center corresponding to the
optical axis of the monocular camera 20. In the example
illustrated in FIG. 13, the first region A20 includes a first
sub-region A21 having a horizontal width corresponding
to the range W1 illustrated in FIG. 11, and a second sub-
region A22 having a horizontal width corresponding to
the range W2 illustrated in FIG. 12. In other words, the
example illustrated in FIG. 13 shows a technical idea
that, the greater the Y-coordinate values of the pixels in
a captured image, the narrower the first region A20 in
which the first distance measurement method is selected
regardless of the amount of movement. Note that a pixel
with a greater Y-coordinate value is located at a lower
position in a captured image. Further, in other words, the
exampleillustrated in FIG. 13 shows a technical idea that
the width of the first sub-region A21, which is the upper
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end of the first region A20, is greater than the width of
the second sub-region A22, which is the lower end of the
first region A20.

[0097] In a modification of the example illustrated in
FIG. 13, the second sub-region A22 may be omitted, and
the first region A20 may be formed only with the first sub-
region A21. Alternatively, in amodification of the example
illustrated in FIG. 13, the number of the sub-regions con-
stituting the first region A20 may be set to three or larger,
and the first region A20 may be designed as a multistage
region so that the width of each sub-region becomes
smaller as the Y-coordinate values of the pixels in the
captured image become greater. For example, the first
region A20 may be shaped like a trapezoid whose lower
base is smaller than the upper base.

[0098] FIG. 14 is a diagram illustrating an example in
which the boundaries of the first region A20 are super-
imposed on an image captured by the monocular camera
20. The example illustrated in FIG. 14 depicts a first pe-
destrian A10, white lines A11 and A12 that are drawn on
the road surface and indicate the frame of a parking
space, a wall A13, a vehicle A14 parked in an adjacent
parking space, a second pedestrian A15, and the first
region A20 including the first sub-region A21 and the sec-
ond sub-region A22. Note that the first region A20 (the
first sub-region A21 and the second sub-region A22) may
not actually appear in the captured image.

[0099] InFIG. 14, the boundaries of the first region A20
(the first sub-region A21 and the second sub-region A22)
are superimposed on the image captured by the monoc-
ular camera 20. Note that the image illustrated in FIG.
14 may be displayed on the user interface device 30.
When the image is displayed on the user interface device
30, the boundary lines of the first region A20 may be
superimposed on the image captured by the monocular
camera 20 and be displayed, or may not be displayed at
all.

[0100] Inthe example illustrated in FIG. 14, the pixels
that capture the first pedestrian A10 exist in the first sub-
region (which may also be referred to as the first region)
inside the boundary A21. Therefore, a result of distance
measurement conducted by the first distance measure-
ment method is used for the pixels capturing the first pe-
destrian A10, regardless of the amount of movement of
the vehicle 1. On the other hand, the pixels that capture
the second pedestrian A15 exist outside the first region
A20 (which may also bereferred to as the second region).
Therefore, a result of distance measurement conducted
by the first distance measurement method or the second
distance measurement method appropriately selected in
accordance with the amount of movement of the vehicle
1isused for the pixels that capture the second pedestrian
A15.

[0101] As described above, in the fourth embodiment,
animage captured by the monocular camera 20 is divided
into a plurality of regions, and the distance measurement
method selection control is varied for each region. Thus,
an appropriate distance measurement method can be
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selected even in a case where the optimum distance
measurement method may vary depending on displace-
ment from the optical axis of the monocular camera 20.
In the description below, a process flow in the vehicle
parking support device 10 according to the fourth em-
bodiment will be described.

[0102] FIGS. 15 and 16 are charts illustrating an ex-
ample of a process flow in the vehicle parking support
device 10 according to the fourth embodiment. In the
process flow according to the fourth embodiment illus-
trated in FIG. 15, in a case where a plurality of images
including a parallax for which the second distance meas-
urement method is effective is obtained, the second dis-
tance measurement method is not invariably used for all
pixels, but control is performed so that an appropriate
distance measurement method will be selected for each
region.

[0103] Inthe example illustrated in FIG. 15, processes
S101 through S105 are the same as those in the example
illustrated in FIG. 2. Specifically, if the amount of move-
ment is determined to be smaller than the predetermined
threshold (which may also be referred to as the first
threshold) in the process S105 (YES in S105), the
processing circuit 11 may select the first distance meas-
urement method (S106), as in the first embodiment. In
other words, in the process S106, the processing circuit
11 may output (acquire) a result of distance measure-
ment conducted by the first distance measurement meth-
od.

[0104] If the amount of movement is determined to be
equal to or larger than the predetermined threshold
(which may also be referred to as the first threshold) in
the process S105 (NO in S105), on the other hand, the
processing circuit 11 does not invariably use the second
distance measurement method for all the pixels, but per-
forms control to select an appropriate distance measure-
ment method for each region (S120B through S122B in
FIG. 16).

[0105] Inthe process S120B, the processing circuit 11
selects the first distance measurement method for the
pixels included in the first region A20, and acquires a
result of distance measurement conducted by the first
distance measurement method.

[0106] Inthe process S121B, the processing circuit 11
selects the second distance measurement method for
the pixels included in the second region A30, and ac-
quires a result of distance measurement conducted by
the second distance measurement method.

[0107] Inthe process S122B, the processing circuit 11
combines a result of distance measurement conducted
by the first distance measurement method for the first
region A20 (this result may also be referred to as the first
distance measurement result) and a result of distance
measurement conducted by the second distance meas-
urement method for the second region A30 (this result
may also be referred to as the second distance meas-
urement result), to output (acquire) a result of entire dis-
tance measurement (this result may also be referred to

10

15

20

25

30

35

40

45

50

55

13

as the third distance measurementresultor the combined
distance measurement result).

[0108] On the basis of the result of the distance meas-
urement conducted by the first distance measurement
method, or the third distance measurement result (which
may also be referred to as the combined distance meas-
urement result) obtained by combining the first distance
measurement result and the second distance measure-
ment result, the processing circuit 11 then performs a
route calculation process according to a predetermined
route calculation algorithm for guiding the vehicle 1 to a
parking space, and outputs a route calculation result
(S108), as in the first embodiment.

[0109] As described above, an image captured by the
monocular camera 20 is divided into a plurality of regions,
and the distance measurement method selection control
is varied for each region. Thus, an appropriate distance
measurement method can be selected even in a case
where the optimum distance measurement method may
vary depending on displacement from the optical axis of
the monocular camera 20. Such an action is advanta-
geous in improving the accuracy of measurement of the
distance from a moving body to the object on the basis
of an image captured by the monocular camera 20.
[0110] <Fifth Embodiment> A fifth embodiment intro-
duces a technical idea that a plurality of monocular cam-
eras 20 is installed in a vehicle 1 including a vehicle park-
ing support device 10, to vary distance measurement
method selection control with the installation positions of
the respective monocular cameras 20.

[0111] FIG. 17 is adiagramillustrating an example out-
line of the configuration of the vehicle 1 that includes the
vehicle parking support device 10 according to the fifth
embodiment. The configuration of the vehicle 1 illustrated
in FIG. 17 differs from the configuration of the second
embodiment illustrated in FIG. 5 in that a plurality of mo-
nocular cameras 20-1 through 20-4 is added, and that
camera installation information T10 is stored in the mem-
ory 12 of the vehicle parking support device 10. In the
other aspects, the configuration of the vehicle 1 illustrated
in FIG. 17 is the same as that illustrated in FIG. 5.
[0112] The monocular cameras 20-1 through 20-4
(which may also be collectively referred to as the monoc-
ular cameras 20) are installed at appropriate portions,
with the respective optical axes extending the frontward
direction of the vehicle 1, the rearward direction of the
vehicle 1, the rightward direction of the vehicle 1, and the
leftward direction of the vehicle 1, respectively. Each of
the monocular cameras 20-1 through 20-4 may write the
image data of a captured image into the memory 12 of
the vehicle parking support device 10 at predetermined
intervals (which may also be referred to as the frame
rate), for example.

[0113] Note that the image data stored in the memory
12 has been associated with the monocular cameras 20
that generated the image data, and be then stored into
the memory 12. For example, storage areas for storing
image data may be provided for the respective monocular
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cameras 20-1 through 20-4. Specifically, the memory 12
may include a first storage area storing image data sup-
plied from the first monocular camera 20-1, a second
storage area storing image data supplied from the sec-
ond monocular camera 20-2, a third storage area storing
image data supplied from the third monocular camera
20-3, and a fourth storage area storing image data sup-
plied from the fourth monocular camera 20-4.

[0114] In a modification of the above, for example, the
memory 12 may have a single storage area storingimage
data supplied from the plurality of monocular cameras
20-1 through 20-4, and each of the monocular cameras
20-1 through 20-4 may hold the correspondence rela-
tionship between the monocular cameras 20 and image
data by attaching the information for identifying the mo-
nocular cameras 20 to image data and writing the infor-
mation into the memory 12. For example, the first mo-
nocular camera 20-1 may attach monocular cameraiden-
tification information, which is information for identifying
the first monocular camera 20-1, to the image data, and
write the identification information into the memory 12.
[0115] The camera installation information T10 is in-
formation indicating the conditions for installation of each
of monocular cameras 20-1 through 20-4. For example,
the camera installation information T10 may include in-
formation indicating the optical axis directions of the mo-
nocular cameras as the installation conditions.

[0116] FIG. 18 is a table showing an example of the
contents of the camera installation information T10. The
camera installation information T10 in FIG. 18 includes
camera identification information T11 and optical axis di-
rections T12. The camera identification information T11
is the information with which the monocular cameras 20
mounted on the vehicle 1 can be identified, and may be
formed with numbers, characters, symbols, or a combi-
nation thereof. The optical axis directions T12 are an ex-
ample of information indicating conditions for installation
of the monocular cameras 20 (the conditions may also
be referred to as the installation modes), and indicate in
which directions of the vehicle 1 the monocular cameras
20 are installed.

[0117] In FIG. 18, for example, the value "frontward"
indicating that the optical axis direction T12 extends to-
ward the front of the vehicle 1 is set for the monocular
camera 20 having "camera #1" as its camera identifica-
tion information T11. The value "rearward" indicating that
the optical axis direction T12 extends toward the rear of
the vehicle 1 is set for the monocular camera 20 having
"camera #2" as its camera identification information T11.
The value "leftward" indicating that the optical axis direc-
tion T12 extends toward the left side surface ofthe vehicle
1 is set for the monocular camera 20 having "camera #3"
as its camera identification information T11. The value
"rightward" indicating that the optical axis direction T12
extends toward the right side surface of the vehicle 1 is
set for the monocular camera 20 having "camera #4" as
its camera identification information T11.

[0118] FIGS. 19 and 20 are charts illustrating an ex-
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ample of a process flow in the vehicle parking support
device 10 according to the fifth embodiment. The process
flow according to the fifth embodiment illustrated in FIG.
19 is the same as the process flow according to the third
embodiment illustrated in FIG. 9. In the fifth embodiment,
however, the process flow illustrated in FIGS. 19 and 20
is executed for each of the monocular cameras 20.
[0119] For example, for each of the first monocular
camera 20-1 through the fourth monocular camera 20-4,
the processing circuit 11 performs the processes S101
through S103, to acquire the firstimage at the first time,
and the second image at the second time, which is later
than the first time. Note that the first time may be a dif-
ferent time for each of the monocular cameras 20, or may
be the same time. The same applies to the second time.
[0120] Inthe process S104A, the processing circuit 11
calculates the moving distance d of the vehicle 1, on the
basis of the sensor value acquired in the measurement
period between the first time and the second time. If the
moving distance d is determined to be shorter than the
threshold in the process S105A (YES in S105A), the
processing circuit 11 then selects the first distance meas-
urement method for performing distance measurement
using either the first image or the second image (S106).
[0121] If the moving distance d is determined to be
equal to or longer than the threshold in the process
S105A (NOin S105A), on the other hand, the processing
circuit 11 proceeds on to the process flow illustrated in
FIG. 20. In other words, in the fifth embodiment, third
determination (S130C)based on the optical axis direction
of the monocular camera 20 related to the firstimage and
the second image is introduced.

[0122] Inthe process S130C, the processing circuit 11
determines whether the optical axis direction of the mo-
nocular camera 20 related to the firstimage and the sec-
ond image is non-orthogonal to the traveling direction
(which may also be referred to as the running direction
or the moving direction) of the vehicle 1. In other words,
the processing circuit 11 determines whether the optical
axis direction of the monocular camera 20 related to the
first image and the second image is "frontward" or "rear-
ward". For example, in a case where the optical axis di-
rection T12 acquired from the camera installation infor-
mation T10 on the basis of the camera identification in-
formation associated with the first image and the second
image is set at a value indicating "frontward" or "rear-
ward", the processing circuit 11 may determine that the
optical axis direction of the monocular camera 20 is non-
orthogonal to the traveling direction of the vehicle 1. In a
case where the optical axis direction T12 acquired from
the camera installation information T10 is set at a value
indicating "leftward" or "rightward", on the other hand,
the processing circuit 11 may determine that the optical
axis direction of the monocular camera 20 is orthogonal
to the traveling direction of the vehicle 1.

[0123] Note that the camera identification information
T11 may be attached to each image, or may be values
associated with the storage areas in the memory 12. For
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example, the camera identification information "camera
#1" for identifying the first monocular camera 20-1 may
be associated with the first storage area in which image
data supplied from the first monocular camera 20-1 is
stored. Likewise, the camera identification information
"camera#2" foridentifying the second monocular camera
20-2 may be associated with the second storage areain
which image data supplied from the second monocular
camera 20-2 is stored. The camera identification infor-
mation "camera #3" for identifying the third monocular
camera 20-3 may be associated with the third storage
area in which image data supplied from the third monoc-
ular camera 20-3 is stored. The camera identification in-
formation "camera #4" for identifying the fourth monoc-
ular camera 20-4 may be associated with the fourth stor-
age area in which image data supplied from the fourth
monocular camera 20-4 is stored.

[0124] [fitis determined in the process S130C that the
optical axis direction of the monocular camera 20 related
to the firstimage and the second image is non-orthogonal
to the traveling direction of the vehicle 1 (YES in S130C),
the processing circuit 11 performs a series of processes
(S109A through S112A) for the second determination
based on the amount of turning 61, as in the third em-
bodiment. If the amount of turning 61 is determined to be
smaller than the second threshold (YES in S112A), the
processing circuit 11 then selects the first distance meas-
urement method for performing distance measurement
using either the firstimage or the second image (S113A).
If the amount of turning 61 is determined to be equal to
or larger than the second threshold (NO in S112A), on
the other hand, the processing circuit 11 selects the sec-
ond distance measurement method for performing dis-
tance measurement using both the first image and the
second image (S114A).

[0125] Ifitis determined in the process S130C that the
optical axis direction of the monocular camera 20 related
to the first image and the second image is orthogonal to
the traveling direction of the vehicle 1 (NO in S130C),
the processing circuit 11 selects the second distance
measurement method for performing distance measure-
ment using both the first image and the second image
(S114A). In other words, in a case where the optical axis
direction of the monocular camera 20 related to the first
image and the second image is neither "frontward" nor
"rearward", the optical axis direction of the monocular
camera 20 is not parallel to the axis in the traveling di-
rection of the vehicle 1, and accordingly, a sufficient par-
allax can be obtained even in the vicinity of the optical
axis of the monocular camera 20. Therefore, in a case
where the optical axis direction of the monocular camera
20 related to the first image and the second image is
determined not to be "frontward" or "rearward", the
processing circuit 11 may skip the series of processes
(S109A through S112A) for the second determination
based on the amount of turning 61.

[0126] As described above, in a case where the dis-
tance to the object is measured on the basis of an image
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captured with the monocular camera 20 mounted on the
vehicle 1, the optimum distance measurement method
can be selected in accordance with the amount of move-
ment of the vehicle 1, and thus, distance measurement
accuracy can be increased. Particularly, control on
whether to perform the second determination based on
the amount of turning 61 is performed in accordance with
the conditions (optical axis directions, for example) for
installation of monocular cameras. Thus, the calculation
costs in a case where a plurality of monocular cameras
20 is used can be reduced, while the decrease in the
accuracy of the second distance measurement method
is prevented. In other words, in a case where the optical
axis direction of a monocular camera 20 is substantially
parallel to the axis in the traveling direction of the vehicle
1, the second determination based on the amount of turn-
ing 61 is performed. Such an action is advantageous in
increasing response speed in real-time control while the
accuracy of measurement of the distance from a moving
body to the object on the basis of an image captured by
the monocular camera 20 is increased.

[0127] From the above detailed description, the fea-
tures and advantages of the embodiments will become
apparent. This is intended to cover the features and ad-
vantages of the embodiments described above without
departing from the spirit and the scope of the claims.
Further, any person having ordinary knowledge in the
technical field should be able to easily come up with var-
ious improvements and modifications. Therefore, there
is no intention to limit the scope of the inventive embod-
iments to those described above, and appropriate im-
provements and equivalents included in the scope dis-
closed in the embodiments can be used. For example,
the respective steps disclosed in this specification do not
need to be carried out chronologically in the order de-
scribed as an example of the processing flow, and the
sequence of the steps may be changed within the scope
ofthe gistofthe presentinvention described in the claims.
Alternatively, a plurality of steps may be carried out in
parallel. Note that various situations that can occur in the
vehicle parking support device 10 that are clarified in the
above detailed description can be found when examined
from one aspect, and other situations can be found when
examined from other aspects. In other words, the fea-
tures and advantages of the present invention are not
limited to applications for solving the problems specified
in the above detailed description.

REFERENCE SIGNS LIST
[0128]

1 Vehicle

10  Vehicle parking support device
11 Processing circuit

12 Memory

20  Monocular camera

30 User interface device
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Wheel speed sensor
Steering angle sensor

Claims

1.

A vehicle parking support device comprising a
processing circuit that performs:

a first process of acquiring a firstimage at a first
time and a second image at a second time later
than the first time from a monocular camera
mounted on a vehicle;

a second process of calculating an amount of
movement of the vehicle, on the basis of a sen-
sor value acquired during a measurement peri-
od between the first time and the second time;
a third process of outputting a result of distance
measurement using a first distance measure-
ment method for performing distance measure-
ment using the first image or the second image,
or a second distance measurement method for
performing distance measurement using the
firstimage and the second image, depending on
the amount of movement; and

a fourth process of outputting a result of calcu-
lation of a route for guiding the vehicle to a park-
ing space, on the basis of the result of distance
measurement.

The vehicle parking support device according to
claim 1, wherein,

in the second process, a moving distance of the ve-
hicle between the first time and the second time is
calculated as the amount of movement of the vehicle,
and,

in the third process, a result of distance measure-
ment using the first distance measurement method
is output when the moving distance calculated in the
second process is shorter than a threshold, and a
result of distance measurement using the second
distance measurement method is output when the
moving distance is not shorter than the threshold.

The vehicle parking support device according to
claim 1 or 2, wherein,

in the second process, an amount of turning gener-
ated by movement of the vehicle between the first
time and the second time is calculated as the amount
of movement of the vehicle, and,

in the third process, a result of distance measure-
ment using the first distance measurement method
is output when the amount of turning calculated in
the second process is smaller than a threshold, and
a result of distance measurement using the second
distance measurement method is output when the
amount of turning is not smaller than the threshold.
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4.

The vehicle parking support device according to
claim 1, wherein,

in the second process, a moving distance of the ve-
hicle between the first time and the second time is
calculated as the amount of movement of the vehicle,
in the third process, a result of distance measure-
ment result using the first distance measurement
method is output when the moving distance calcu-
lated in the second process is shorter than a thresh-
old,

in the second process, when the moving distance is
not shorter than the threshold, an amount of turning
generated by movement of the vehicle between the
first time and the second time is calculated as the
amount of movement of the vehicle, and

in the third process, a result of distance measure-
ment using the first distance measurement method
is output when the amount of turning calculated in
the second process is smaller than a threshold, and
a result of distance measurement using the second
distance measurement method is output when the
amount of turning is not smaller than the threshold.

The vehicle parking support device according to
claim 4, further comprising

a memory that stores installation information indicat-
ing an optical axis direction of each monocular cam-
era in a plurality of the monocular cameras mounted
on the vehicle, wherein,

in the first process, the first image and the second
image are acquired from each of the monocular cam-
eras mounted on the vehicle, and are associated with
each of the monocular cameras,

the third process is performed for each of the mo-
nocular cameras, and,

in the third process,

the optical axis direction of each monocular camera
is determined, on the basis of the installation infor-
mation corresponding to the monocular camera,
and,

when the optical axis direction of the monocular cam-
erais orthogonal to a moving direction of the vehicle,
a result of distance measurement using the first dis-
tance measurement method is output when the mov-
ing distance calculated in the second process is
shorter than the threshold, and a result of distance
measurement using the second distance measure-
ment method is output when the moving distance is
not shorter than the threshold.

The vehicle parking support device according to any
one of claims 1 to 5, wherein,

in the third process, afirstregion and a second region
are set in each of the first image and the second
image acquired in the first process, and a result of
distance measurement using the first distance
measurement method is output with respect to the
first region.
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The vehicle parking support device according to
claim 6, wherein,

a pixel located at an upper position in the firstimage
and the second image is a pixel that captures a lo-
cation at a longer distance from the vehicle, and

a width of an upper end of the first region is equal to
or greater than a width of a lower end of the first
region.

A vehicle parking support program for causing a
computer to perform:

a first process of acquiring a firstimage at a first
time and a second image at a second time later
than the first time from a monocular camera
mounted on a vehicle;

a second process of calculating an amount of
movement of the vehicle, on the basis of a sen-
sor value acquired during a measurement peri-
od between the first time and the second time;
a third process of outputting a result of distance
measurement using a first distance measure-
ment method for performing distance measure-
ment using the first image or the second image,
or a second distance measurement method for
performing distance measurement using the
firstimage and the second image, depending on
the amount of movement; and

a fourth process of outputting a result of calcu-
lation of a route for guiding the vehicle to a park-
ing space, on the basis of the result of distance
measurement.

The vehicle parking support program according to
claim 8, wherein,

in the second process, a moving distance of the ve-
hicle between the first time and the second time is
calculated as the amount of movement of the vehicle,
and,

in the third process, a result of distance measure-
ment using the first distance measurement method
is output when the moving distance calculated in the
second process is shorter than a threshold, and a
result of distance measurement using the second
distance measurement method is output when the
moving distance is not shorter than the threshold.

The vehicle parking support program according to
claim 8 or 9, wherein,

in the second process, an amount of turning gener-
ated by movement of the vehicle between the first
time and the second time is calculated as the amount
of movement of the vehicle, and,

in the third process, a result of distance measure-
ment using the first distance measurement method
is output when the amount of turning calculated in
the second process is smaller than a threshold, and
a result of distance measurement using the second
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1.

12.

13.

32

distance measurement method is output when the
amount of turning is not smaller than the threshold.

The vehicle parking support program according to
claim 8, wherein,

in the second process, a moving distance of the ve-
hicle between the first time and the second time is
calculated as the amount of movement of the vehicle,
in the third process, a result of distance measure-
ment result using the first distance measurement
method is output when the moving distance calcu-
lated in the second process is shorter than a thresh-
old,

in the second process, when the moving distance is
not shorter than the threshold, an amount of turning
generated by movement of the vehicle between the
first time and the second time is calculated as the
amount of movement of the vehicle, and

in the third process, a result of distance measure-
ment using the first distance measurement method
is output when the amount of turning calculated in
the second process is smaller than a threshold, and
a result of distance measurement using the second
distance measurement method is output when the
amount of turning is not smaller than the threshold.

The vehicle parking support program according to
claim 11, wherein,

in the first process, the first image and the second
image are acquired from each monocular camera in
a plurality of the monocular cameras mounted on the
vehicle, and are associated with each of the monoc-
ular cameras,

the third process is performed for each of the mo-
nocular cameras, and,

in the third process,

installation information corresponding to each mo-
nocular camera mounted on the vehicle is acquired
from a memory that stores the installation informa-
tion indicating an optical axis direction of the monoc-
ular camera,

the optical axis direction of the monocular camera is
determined, on the basis of the installation informa-
tion, and,

when the optical axis direction of the monocular cam-
erais orthogonal to a moving direction of the vehicle,
a result of distance measurement using the first dis-
tance measurement method is output whenthe mov-
ing distance calculated in the second process is
shorter than the threshold, and a result of distance
measurement using the second distance measure-
ment method is output when the moving distance is
not shorter than the threshold.

The vehicle parking support program according to
any one of claims 8 to 12, wherein,

in the third process, afirstregion and a second region
are set in each of the first image and the second
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image acquired in the first process, and a result of
distance measurement using the first distance
measurement method is output with respect to the
first region.

The vehicle parking support program according to
claim 13, wherein,

a pixel located at an upper position in the firstimage
and the second image is a pixel that captures a lo-
cation at a longer distance from the vehicle, and

a width of an upper end of the first region is equal to
or greater than a width of a lower end of the first
region.
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